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FOREWORD 


The  need  for  time-of-year  information  with  millisecond,  micro¬ 
second  and  nanosecond  resolution  Dy  data  handling  ana  instrumentation 
timing  systems  makes  the  use  of  parallel  time  codes  highly  desirable 
for  correlation  of  data  with  time.  The  intent  of  this  document  is  to 
provide  ground  rules  for  maximum  compatability  between  present  and 
future  time  generating  equipment  and  the  user  interface  (spaceborne 
and  ground  systems  )  . 

All  timing  equipment  for  new  i n s t a  1 1  a t i o n s  where  parallel  time  is 
required  shall  follow  this  standard.  For  those  ranges  and  facilities 
where  large  investment  in  parallel  time  generating  equipment  has 
already  been  made,  the  changeover  to  the  new  standard  parallel  time 
codes  can  be  made  over  a  period  of  years  as  equipment  is  replaced  or 
as  new  equipment  is  installed  to  meet  timing  requ i rements . 

The  designations  or  nomenclatures  for  the  codes  in  this  standard 
were  selected  so  as  to  minimize  the  impact  on  existing  documentation 
and  to  conform  to  what  has  become  standard  notation.  This  standara 
should  be  adhered  to  even  though  use  of  the  parallel  time  codes  may  be 
limited  initially  to  the  selection  of  one  code  or  even  particular 
portions  of  a  code  because  of  a  lack  of  equipment  to  generate  the 
complete  code. 
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PB  TIME  CODES 


PB1 

Day-o  f -Year, 

Mi  1  1  i second s-of-Day 

PB1-A 

Day-of-Year, 

Microseconds-of-Day 

P  0 1  -  B 

Oay-of- Year  , 

Nanoseconds-of-Day 
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Open  for  future  codes 
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x  i 


DEFINITIONS 


The  following  terras  are  used  in  this  document: 


ACCURACY  Systematic  uncertainty  (deviation)  of  a  measurea  value 
with  respect  to  a  standard  reference. 


BINARY  CODED  DECIMAL  (BCD)  --  A  numbering  system  whicti  uses  decimal 
digits  encoded  in  a  binary  r epr e sen ta ti on  (Bn  4n  2n  In)  where  n=I, 
10,  100,  IK,  10K...N.  Time  code  digit  values  less  than  n  are 
considered  zero  and  are  encoded  as  a  binary  "0"  (see  tables  III  ana 
IV,  appendix  B ) . 


BINARY  NUMBER  SYSTEM  "  A  numbering  system  which  has  two  as  its  base 
and  uses  two  symbols,  usually  denoted  by  0  and  1  (see  tables  II  and 
IV,  appena i x  B ) . 


BIT  (element)  An  abbreviation  of  binary  or  binary  codec  decimal 
digits  of  which  a  wora  or  subword  is  composed. 


BIT  TRANSITION  TIME  ■*  -  The  time  required  for  a  bit  in  the  time  code  or 
subword  to  change  from  one  logic  level  to  the  next,  that  is,  a  logic  0 
to  a  logic  1  or  vice  versa. 


IDENTIFICATION  BITS  (ID)  ~ -  Bits  with  a  fixed  state  (1  o  g i c  level) 
used  for  time  code  identification. 


INHIBIT/READ  BIT  A  bit  generated  with  the  time  code  whicn  pronioits 

a  user  from  reading  the  code  during  the  time  code  update. 


INSTRUMENTATION  TIMING  *«  A  parameter  serving  as  the  fundamental 
independent  variable  in  terms  of  which  data  may  be  correlated. 


LEAR  SECOND  ~ -  See  appendix  A. 


LEAP  YEAR  -  -  See  appendix  A. 


LSB  ~ -  Least  significant  oit. 


MSB  Most  significant  bit. 


ON-TIME  --  The  state  of  any  bit  being  coincident  with  the  Standard 
Time  Reference  (U.  S.  Naval  Observatory  or  National  Bureau  of 
S  tandard  s ) . 


PARITY  BIT  --  Confidence  bits  derived  from  and  generated  with  tne  bits 
in  the  time  code  word  or  subword. 


PRECISION  --  An  agreement  of  measurement  with  respect  to  a  defined 

value. 


RESOLUTION  (of  a  time  code)  --  The  sma  1  lest  increment  or  time  or  least 
significant  bit  which  can  be  defined  by  a  time  code  word  or  subword. 


SECOND  --  Basic  unit  of  time  or  time  interval  in  the  International 
System  of  Units  (SI)  which  is  equal  to  9  192  b 3  1  7  70  periods  of 
radiation  corresponding  to  the  transition  between  the  two  n  y  p  e  r  f  i  n  e 
levels  of  the  ground  state  of  Cesium  133. 

SUBWORD  --  A  subdivision  of  the  time  code  word  containing  onl /  one 
type  of  time  unit,  for  example,  days,  milliseconds  or  microseconds. 

TIME  COOE  --  A  system  of  symbols  used  for  identifying  specific 
i nstants  of  time . 


TIME  CODE  WORD  --  A  specific  set  of  time  code  symbols  wmcn  identify 
one  instant  of  time.  A  time  code  word  may  be  subdivided  into  sjowcrd : 

TIME  REFERENCE  --  The  basic  repetition  rate  chosen  as  tne  common  ti-.e 
reference  for  all  instrumentation  timing  (usually  1  pps). 


Truncated  Julian  Day  (TJD)  --  The  TJD  is  used  by  the  scientific 
community  for  recording  astronomical  and  historical  events  and  for 
archival  data  storage  and  is  useful  in  the  space  sciences  area.  7  n e 
TJD  has  an  epocn  of  24  May  1968  with  a  repetition  period  \ r e c y c 1 e 
time)  of  10,000  days  (27.37y  years)  and  will  recycle  g  Jctjuer 
(see  table  I,  appendix  8). 


GLOSSARY  OF  SELECTED  TIME  TERMS 


These  definitions  of  time-related  terms  are  useful  in  under¬ 
stand!  ny  the  text  of  the  standard  and  the  relationship  between  various 
time  scales. 


EPOCH  --  signifies  tne  beginning  of  an  event  or  era. 


TIME  INTERVAL  --  is  the  duration  between  two  instants  read  on  the  same 
ti me  scale. 


TIME  SCALE  --  is  a  reference  system  for  specifying  occurrences  witn 
respect  to  time. 


SOLAR  TIME  --  is  based  on  the  rotation  of  the  earth  about  tne  sun. 


SIDEREAL  TIME  --  is  determined  and  defined  by  observations  of  the 
earth  with  respect  to  tne  stars.  A  mean  sidereal  day  is  approx i ma te 1 y 
2  3  h  56m  4.09s.  A  solar  year  contains  366.24  sidereal  days. 


EPHEMERIS  TIME  (ET)  --  is  detained  from  observations  of  the  motion  or 
the  moon  about  the  earth. 


UNIVERSAL  TIME  ( U T )  --  is  the  mean  solar  time  of  tne  prime  meridian 
plus  12n,  determined  by  measuring  the  angular  position  of  the  eartn 
about  its  axis.  Tne  UT  is  sometimes  designated  GMT,  but  this  designa¬ 
tion  should  be  avoided.  Communicators  use  the  designation  "Z"  or  Zulu 
for  U  T  . 


UTu  --  measures  UT  with  respect  to  the  observer's  meridan  (position  on 
earth)  which  varies  because  of  polar  motion. 

oil  --  is  UTU  corrected  for  variations  in  the  polar  motion  and  is 
proportional  to  the  rotation  of  the  earth  in  space.  In  their  monthly 
"Circular-Q,"  tne  bureau  International  de  1-Heure  (blH)  publishes  tne 
current  values  of  u  T I  with  respect  to  International  Atomic  Time  ;  ' a  I  !  . 


U  T  2  -  -  is  U  T  I  c  o  r  r  e  c  t  e  d  empirically  for  annual  ana  semiannual  voli¬ 
tions  in  tne  rotation  rate  of  the  earth.  The  maximum  correction  i  ; 
aoout  3U  ms. 


TIME  UNIVERSAL  COORDINATED  (UTC)  -  -  is  maintained  by  the  Bureau 
International  ae  1* re ure  (Blhj  which  forms  tne  basis  of  a  coordinated 
dissemination  of  stanaard  frequencies  and  time  signals.  A  UTC  cloc< 
nas  the  same  rate  a  T  A I  clock  does  but  differs  by  an  integral  numoer 
of  seconds.  The  step-time  adjustments  are  called  "leap  seconds." 

Leap  seconds  are  subtracted  or  added  to  U  T  c  to  keep  in  synchronism 
with  u T 1  to  within  +0.9  second  (see  appendix  A). 


D  U  T 1  --  is  tne  predicted  differences  between  UT1  ano  UTC  ana  is  given 
by  DUT1  =  UT1-  UTC. 


INTERNATIONAL  ATuMIC  TIME  (TAI)  -  -  An  atomic  time  scale  based  on  data 
from  a  worldwide  set  of  clocks  and  is  the  i n ter na ti ona 1 1 y  agreed  to 
time  reference.  Tne  TAI  is  maintained  by  BIH,  Paris,  France.  Its 
epoch  was  set  such  that  TAI  was  in  approximate  agreement  with  UT1  on 
1  J  anuary  1 9 b 8 . 


INTERNATIONAL  ATOMIC  TIME  (TAI)  TIME  CODE  --  The  TAI  time  code 
represents  a  binary  count  of  the  elasped  time  in  seconds  since  the 
1  January  ly5o  epocn.  The  Bureau  I n t er n a 1 1  o n a  1  de  l'rieure  (BIH),  tne 
United  States  Naval  Observatory  (USNO)  and  other  national  observa¬ 
tories  anu  laboratories  maintained  this  count  winch  is  a  very  large 
number  accumulating  at  86,4UU  seconds  per  day. 


JULIAN  DAY  NUMBER  (JDN)  --  A  number  of  a  specific  day  from  a  contin¬ 
uous  day  count  having  an  initial  epoch  of  12  hours  UT  on  1  January 
4713  B.C.--tne  start  of  Julian  Day  zero. 

Example:  Tne  day  extending  from  19 u U  January  u.b  days  U T  to  190U 

January  1.5  days  UT  na s  tne  number  2  4  1  o  u  2 1)  . 


MODIFIED  JULIAN  DATE  (MUD)  --  is  the  Julian  Day  less  2  4U0  uuu.d  days. 


TRUNCATED  JULIAN  DAY  (TJD)  --  Tne  JDN  2  44U  UUU.5  occurred  on  2 4  May 
1 9 b 8  and  defines  the  origin  of  the  T.jD  time  scale  used  in  tne  PBS  time 
code. 


INTRODUCTION 


Present  and  proposed  communication  systems,  missile  and 
spacecraft  tracking,  and  data  handling  systems  require  real-time 
parallel  formatted  time  that  will  efficiently  interface  between  the 
timing  system  (time  source)  and  the  users.  Standardization  of 
parallel  time  cooes  is  necessary  to  meet  the  needs  of  automated 
(computer  controlled)  data  handling  equipment,  to  provide  reliable 
time  tagging  of  events  in  a  binary  format,  and  to  ensure  system 
compatibility  among  spacecraft  projects,  ground  networks,  data 
processing  facilities,  and  the  various  international  cooperative 
projects. 

Tnis  standard  defines  tne  characteristics  of  tne  oarallel  Dinar; 
and  parallel  binary  coded  decimal  time  codes.  The  selected  codes 
contain  most,  if  not  all  tne  features,  of  the  various  parallel  binary 
time  codes  presently  in  use.  Only  those  portions  of  a  code  required 
for  existing  application  need  be  used.  This  point  is  important 
because  it  permits  simplifying  the  code  and  its  use  and  allows  the  use 
of  various  portions  (resolution)  of  the  cooes  as  desired. 

The  task  of  standardizing  parallel  binary  time  codes  was  assigned 
to  the  Telecommunications  Group  (TCG)  of  the  Range  Commanders  Council 
(RCC)  by  the  Executive  Committee  in  June  1972.  The  first  document, 

TRIG  Standard  128-73,  contained  PB1 ,  PB2,  and  PB3  time  codes.  Time 
code  PB4  was  added  to  the  family  of  parallel  codes  in  I  RIG  Sf^idaro 
205-77  (formerly  128-77). 

The  present  addition  of  codes  to  document  205-77  includes  four 
parallel  binary  time  codes,  PB1-8,  PB3-A,  PB4-A  and  PB5,  and  three 
parallel  binary  coded  decimal  time  codes,  PBCD1,  PBCUl-A  and  PBlDi-B. 
Tne  addition  of  tnese  codes  gives  millisecond,  microsecond  and 
nanosecond  resolutions  in  parallel  binary  and  parallel  pi  nary  coded 
decimal  formats. 

NOTE :  Tne  PB2  time  code  nomenclature  is  redesignated  PBl-A  so  that 

the  P B 1  family  of  codes  include  ms,  ^  s  and  ns  resolutions.  Tne  PB2 
designation  snail  remain  open  for  a  possible  family  of  future  codes. 

This  standard  reflects  the  state-of-the-art  and  is  not  intended  to 
constrain  research  and  development  in  the  area.  The  standard  will  be 
revised  as  required. 
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1.0  GENERAL  DESCRIPTION  OF  TIME  CODE 


This  standard  describes  three  parallel  binary  time  codes,  five 
parallel  grouped  binary  time  codes  and  tnree  parallel  binary  codeu 
decimal  time  codes.  All  contain  day-of-year  information  with  various 
resolutions  including  hours,  minutes,  seconds,  milliseconds,  micro¬ 
seconds,  and  nanoseconds. 

1.1  PARALLEL  BINARY  MILLISECOND  TIME  CODE  (PB1  ) 

The  36-bit  parallel  binary  time  code  word  contains  binary  day-or- 
year  and  binary  mi  1  1 i seconas-of-day  information. 

1.2  PARALLEL  BINARY  MICROSECOND  TIME  CODE  (PB1 -A) 

The  4o-bit  parallel  binary  time  code  word  contains  binary  day-of- 
year  and  binary  m i c r o sec o nd s - o f - d ay  information. 

1.3  PARALLEL  BINARY  NANOSECOND  TIME  CODE  (PB1-B) 

The  56-bit  parallel  binary  time  code  word  contains  binary  day-of- 
year  ana  binary  nanoseconds- of-d ay  information. 

1.4  PARALLEL  GROUPED  BINARY  MICROSECOND  TIME  CODE  ( PB3 ) 

The  4  o  -  b  i  t  parallel  grouped  binary  time  coue  word  contains  binary 
day-of-year,  binary  s ec o na s - o f -day ,  binary  mi  1  1  i sec ond s -o f - sec ond 
(.001s)  and  binary  microseconds-of-millisecona  (.001ms)  information. 

1.5  PARALLEL  GROUPED  BINARY  NANOSECOND  TIME  COPE  ( PB3-A ) 

The  56-bit  parallel  grouped  binary  time  coue  word  contains  Dinar, 
day-of-year,  binary  sec ond s -o f -d ay  ,  binary  mi  1  1  i  second s -o f - second 
(.OUis),  binary  uicroseconds-of-mi  1  1  i  second  (.util  ms)  and  binary 
n a  no  sec o nd s - o f -m l c r o sec ond  (.001  ms)  information. 

1.6  PARALLEL  GROUPED  BINARY  M I LL I  SECOND / M I CROSECOND  T I  ME  CODE  (PB4 ) 

The  46-bit  parallel  grouped  binary  time  code  word  contains  Dinar 
day-of-year,  binary  milliseconds-of-day  and  binary  microseconus-ot- 
millisecond  (.001ms)  information. 

1.7  PARALLEL  GROUPED  BINARY  MILLISECOND/MICROSECOND/NANOSECOND  TIME 
CODE  (PB4-A) 


The  5  o - b  i  t  parallel  grouped  binary  time  code  word  contains  Dinar 
day-of-year,  binary  milliseconds-of-day,  binary  microseconds-of- 
millisecona  (.UUlmsj,  arid  Dinary  nanoseconds-of -  microsecond  i. Oulu  si 
i n  f orma  t i on  . 

1.8  PARALLEL  GROUPED  BINARY  TJD  NANOSECOND  TIME  CODE  (PBS) 


The  bl-bit  parallel  grouped  binary  time  code  contains  Truncated 
Julian  Day,  binary  seconus-of -day,  oinary  mi  lliseconds-of -  second 
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(.001 s),  binary  microseconds-of-milli second  (.00 lms),  and  binary 
nanoseconds-of -microsecond  ( . 0  0 1  a  s )  information. 

1.9  PARALLEL  BINARY  CODED  DECIMAL  MILLISECOND  TIME  CODE  (PBCD1  ) 

The  42-bit  parallel  binary  coded  decimal  time  code  wore  contains 
day-of-year,  hours,  minutes,  seconds,  and  milliseconds-of-second 
(.001s)  information. 

1.10  PARALLEL  BINARY  CODED  DECIMAL  MICROSECOND  TIME  CODE  (PBCD1-A) 

The  54-bit  parallel  binary  coded  decimal  time  code  word  contains 
day-of-year,  hours,  minutes,  seconds,  milliseconds-of-second  i  .  0  0 1 s  )  , 
and  microseconas-of-inilli  second  (.001ms)  information. 

1.11  PARALLEL  BINARY  COOED  DECIMAL  NANOSECOND  TIME  CODE  (PBCD1-B) 

The  66-bit  parallel  binary  coded  decimal  time  code  word  contains 
day-of-year,  hours,  minutes,  seconds,  milliseconds-of-second  (.001s), 
and  microseconds-of-milli second  (.001ms),  and  nanoseconds-of-micro- 
second  ( . 0  0 1 n s )  information. 

2.0  FORMATS  (GENERAL  ) 

An  overview  of  tne  parallel  time  cooes  is  described  below. 

2.1  TIME  CODE  WORD  STRUCTURE 

The  basic  time  code  woru  is  composed  of  subwords.  Each  su owor o 
is  formed  by  binary  oits  (elements)  which  determine  the  granularity 
(resolution)  of  the  time  code  subword.  Each  subword  represents  a 
particular  resolution  of  the  time  being  identified.  For  example,  tne 
p  B 1  family  of  codes  contains  as  part  of  their  basic  woru  structure,  a 
suoword  composed  of  9  bits  for  binary  day-of-year  information.  P  3 1 
also  contains  27  bits  for  binary  milliseconds-of-day.  Pbl-A  and  Pul-3 
extend  PB1  to  microsecond  and  nanosecond  resolution. 

The  parallel  yrouped  binary  cooes  PB3  and  PB3-A  botn  contain 
9-0  its  day-of-year,  17-bits  seconds-of-day,  lU-bits  milliseconds-of- 
second,  and  lU-bits  microseconds-of-milli second.  PB3-A  extends  PB3  to 
nanosecond  resolution.  The  PB5  time  code  is  identical  to  PB3-A  except 
that  it  contains  TJU  rather  than  D  o  Y  in  its  format. 

The  family  of  PBCD1  codes  all  contain  lU-bits  BCD  day-of-year 
information  with  hours  (o-bits  BCD),  minutes  (7-bits  BCD),  seconds 
(7-bits  BCD),  and  12-bits  milliseconds-of-second  (.001s)  information. 
The  PBCbl-A  and  P3CD1-B  extend  PBCD1  to  microsecond  and  nanosecond 
resol ution. 

A  feature  of  the  nanosecond  cooes  (excluding  PB1-B)  is  tnat  tne,. 
can  all  be  truncated  at  any  desirable  resolution.  For  example,  tne 
PB4-A  time  code  wnich  nas  nanosecond  resolution  can  be  truncated  at 
microseconds  to  provide  milliseconds-of-day  resolution. 


2.2  INHIBIT/READ  BIT 


An  i  n  n  i  o  i  t  /  r  e  a  d  bit  (pulse)  is  generated  with  each  code  for 
optional  use  by  external  equipment  interfacing  with  the  time  code 
source  and  is  not  propagated  beyond  the  first  interface.  The  purpose 
of  the  inhibit/read  pulse  is  to  prevent  the  user  of  the  time  cooe  fro 
reading  the  code  immediately  prior  to  and  just  after  the  time  code 
update.  The  inhibit  pulse  occurs  at  the  appropriate  rate  for  the 
various  codes,  usually  at  the  cooe  update  rate. 

2.3  PARITY  BIT 

Parity  bits  are  generated  with  each  time  code  for  opti onal  use  o 
external  devices  when  users  desire  a  degree  of  confidence  in  the 
correct  transmission  of  the  time  code  (see  table  VI,  appendix  B )  - 

2.4  COOE  I  PENT  I F I  CAT  I  OR  BITS 

Identification  (ID)  bits  are  estaDlisheo  for  each  time  cooe  for 
optional  use  by  external  devices  when  users  desire  to  distinguish  one 
time  cooe  from  another  (within  a  family)  by  noting  the  fixed  state 
(logic  level)  of  the  ID  bits  (see  table  V,  appendix  B). 

2.5  TIME  CODE  WURD  BIT  DESIGNATION 

The  LSB  in  the  time  code  word  format  is  the  lowest  granularity 
bit  within  a  subword.  The  MSB  is  the  highest  granularity  bit  witmn 
eacn  subword.  For  example,  the  LSB  for  the  binary  codes  is  tne  ( 2 u  ; 
bit  and  the  MSB  is  the  ( 2 n )  bit.  Each  subword,  therefore,  contains 
(n+l)  bits.  In  a  pictorial  presentation  of  the  codes,  tne  MSB  is 
shown  on  the  left  and  the  LSB  on  tne  right  of  each  subword. 

3.0  SIGNAL  CHARACTERISTICS 

For  each  parallel  time  code,  the  signal  nas  the  following 
cnarac  ter i sties. 

3.1  BTT  LEVEL  (TRUE/FALSE  CONVENTION  ) 

Positive  logic  is  standard.  If  the  voltage  level  of  an  output 
data  bit  is  high,  the  indication  is  true.  For  the  binary  codes,  logi 
I  is  true  and  logic  u  is  false.  The  same  is  true  for  the  BCD  codes. 
The  true  voltage  level  (V^)  is  always  more  positive  than  tne  rjlse 
voltage  level  Vg  (see  figure  I). 

3.2  VOLTAGE  LEVEL  TOLERANCE 

Tne  voltage  level  tolerance  at  either  logic  1  (  V ^  j  or  i  o  g  i  :  .  ■  < 

shall  not  exceed  15  percent  of  the  difference  between  logic  levels 
i  :  '/i. 


V1  (LOGIC  1) 


TRUE 


VQ  (LOC1C  0) 


FALSE 


AV*V1-Vq 


Figure  1.  Bit  voltage  level  transition 


3.3  BIT  TRANSITON 

Overshoot  ana  undershoot  during  each  bit  transition  snail  not 
exceed  10  percent  of  the  final  steady-state  value. 

3. 4  BIT  TRANSITION  TIME 

The  voltage  level  change  of  all  bits  from  the  time  coue  generator 
(rise  and  fall  time)  of  the  parallel  data  from  true  to  false  or  vice 
versa  shall  occur  within  2UO  picoseconds*-  for  the  nanosecond  codes, 
within  200  nanoseconds  for  the  microsecond  codes  and  witnin  1  micro¬ 
second  for  tne  millisecond  codes. 

3.5  CODE  RIPPLE-OOWN  TIME 

The  total  counter  ripple-down  time  (update)  in  a  time  code  gen¬ 
erator  from  LSB  to  the  MSB  for  the  nanosecond  codes  shall  not  be 
greater  than  30U  picoseconds*-  and  3Uu  nanoseconds  for  the  microsecond 
and  millisecond  codes  . 


*"jne  nundred  picosecond  rise  times  or  sub-nanosecond  code  update  of  tne  parallel  time 
word  LSB  for  the  nanosecond  codes  may  not  be  within  the  practical  state-of-the-art 
for  many  haraware/so^tware  systems/logic  families.  However,  update  of  the  nanosecond 
codes  could  be  at  other  intervals  such  as  10ns  or  LUUns.  Sub-nanosecond  inhibit, read 
pulses  may  also  be  difficult  to  generate.  These  pulses  can  also  occur  at  a  Luns  or 
100ns  rate  to  be  compatible  with  the  code  update  rate.  As  the  state-of-the-art 
advances  for  high  speed  logic,  higher  data  rates  can  be  achieved. 


3.6  INHI8IT/REA0  BIT  PULSE  CHARACTERISTICS 


The  inhi bit/read  pulse  for  the  nanosecond  codes  shall  not  exceed 
b  u  u  picoseconds^-.  The  inhibit/  read  pulse  for  the  Microsecond  codes 
shall  not  exceed  b  0  0  nanoseconds,  and  tne  inhibit/read  pulse  tor  the 
millisecond  codes  shall  not  exceed  Luu  microseconds. 

The  leading  edge  of  the  inhiDit/read  pulse  is  coincident  w  i  t  n  or 
slightly  anead  of  the  on-time  bits.  For  the  innibit  condition,  tne 
bit  is  hign.  For  the  read  condition,  the  bit  is  low  as  shown  in  tne 
various  time  coae  timing  charts.  (For  examples,  see  figures  3,  b 
and  7  ) . 

3.7  PARITY  BIT  LUGIC  LEVEL 

Odd  parity  is  adopted  in  tnis  standard;  that  is,  a  parity  bit  is 
true  (logic  1)  when  the  code  oits  it  spans  have  an  even  number  of  oit 
true  . 

4.0  FORMATS  ( SPECIFIC  ) 

A  detailed  description  of  individual  time  cooes  is  d  e  s  c  r i o e  c  in 
the  following  paragraphs. 

4.1  PARALLEL  BINARY  MILLISECOND  TIME  CODE  (PB1 ) 

Tne  PB1  time  code  format  is  snown  in  figure  2A.  The  time  code 
word  is  composed  or  two  subworas. 

Subwora  one  contains  y  bits  for  binary  aay-of-year  (DoY).  Tne 
LSB  is  tne  2  ^  bits  and  tne  MSB  is  tne  2  d  bit.  The  range  of  Do/  is 
I  through  3o5  (boo  for  leap  year). 

Subwora  two  contains  2  7  bits  for  binary  m  i  1  1  i  sec  o  n  d  s  -  o  f  -  d  ay  .  ~ 

S  8  is  the  2  ^  and  the  MSB  is  the  2^°  bit.  Tne  range  of  mil  1  i  second s- 
o  f -  a  a  y  is  U  througn  eo  J  y  y  y  y  y . 

Two  odd  parity  bits  ( P  ^  and  P  2 )  are  generated.  ? \  is  g  e  n e  r j t  e  d 
from  the  y  -  b  i  t  uoY  and  the  27-bit  milliseconds-of-day.  P2  1S  isol¬ 
ated  from  tne  2  7  - d i t  millisecond-of-day  (see  table  IV,  appendix  a , . 

Three  ID  bits  ( 0 ,  0,  1)  are  generated  for  code  identification 

(see  paragrapn  2.4;. 

Figure  2B  snows  time  code  displays  for  times  t,j  (DoY  1)  and  t „ 
(DoY  3 b 5 ) .  Also  shown  is  the  state  (levels)  of  tne  parity  oits  for 
eacn  time  displayed  and  tne  ID  bits. 

Figure  3  shows  the  PBL  time  code  LbB  configuration  (logic  levels 
for  DoY  and  milliseconds-of-day  starting  at  time  t  u  followed  b  t  , 

*  3  •  •  •  1. 1  -  n  (DoY  3  0  4  )  ana  tn  (  u  0  Y  coo).  Tne  inhioi  t/reao  bit  time 
position  is  also  shown. 
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4.2  PARALLEL  BINARY  MICROSECOND  TIME  CODE  (PB1-A) 


The  PB1-A  time  code  format  is  shown  in  figure  4a.  The  time  coo 
word  is  mace  up  of  two  suoworas. 

Subword  one  contains  9  bits  for  binary  DoY.  The  LSu  is  the  2J 
bit  and  the  MSB  is  the  2^  bit.  The  range  of  DoY  is  1  through  3od  t3 
for  leap  year). 

Subwora  two  contains  37  bits  for  binary  microseconas-of-aay.  T 
LSB  is  the  2°  bit  and  the  MSB  is  the  2^b  bit.  The  range  of  micro- 
seconds-of-day  is  0  tnrough  ao  399  999  999. 

Two  odd  parity  bits  (Pi  and  P£)  are  generated.  P  ]_  is  generated 
from  tne  9-oit  DoY  ana  the  37-bit  microseconds-of-day.  P ^  is  gener¬ 
ated  from  the  37  bit  m i c r o sec o nd s - o f - d ay  (see  paragraph  3.7). 

Three  ID  bits  (0,  1,  1)  are  generated  for  code  identification 

(see  paragra.  ph  2.4). 

Figure  4B  shows  time  code  displays  for  times  ty  (j of  1)  anu  tn 
DoY  365).  Also  shown  is  the  state  of  the  parity  bits  for  eacn  time 
displayed  and  tne  ID  bits. 

Figure  5  shows  tne  PBl-A  time  code  LSB  configuration  (logic 
levels)  for  DoY  and  mi croseconds-of’d ay  starting  at  the  time  tu 
followed  by  t  ^  ,  t^  ,  t3-..tn,l  (DoY  3  o  4  )  and  tn  (DoY  3o5).  Tne 
inni bit/read  bit  time  position  is  also  shown. 

4.3  PARALLEL  BINARY  NANOSECOND  TIME  CODE  (P31-B) 

The  PBI-B  time  code  format  is  shown  in  figure  t> A .  The  time  coo 
word  is  made  up  of  two  sub  words. 

Suoword  one  contains  9  bits  for  Dinary  DoY.  The  LSB  is  tne 
d i t  and  the  MSB  is  the  2  d  bit.  The  range  DoY  is  1  through  j  b  5  i  3  o  o 
for  leap  year). 

Subword  two  contains  47  bits  for  binary  nanoseconus-of-ddy.  Th 
LSB  is  the  2^  bit  and  the  MSB  is  the  2^  bit.  The  range  ot  nano- 
seconds-of-day  is  0  through  8b  39  9  99y  999  999. 

Two  odd  parity  bits  (Pi  and  P  2 )  are  generated.  ?  -l  is  generates 
from  tne  9-0  it  DoY  anu  the  47-oit  nanoseconus-of-day.  xp2  is  genera t 
from  tne  47  bit  n  a  n  0  sec  0  nd  s  -  0  f -d  ay . 

Tnree  ID  bits  (I,  U,  I)  are  generated  for  code  identification. 

Figure  63  shows  time  code  displays  for  times  ty  (DoY  il  arid  tn 
(DoY  36b).  Also  snow  is  tne  state  (level)  of  the  parity  Bits  tor  -•  j 
time  displayed  and  the  ID  bits. 

Figure  7  snows  trie  PBI-B  time  cone  LSB  configuration  '.lugio 
levels)  for  DoY  and  nanoseconds-of-day  starting  at  time  t , j  followed 


1 1 ,  1 2 ,  t 3  . . . t  n . i  (DoY  3  b  4  )  and  tn  (DoY  365).  The  inhibit/read  bit 
time  position  is  also  shown. 

4.4  PARALLEL  GROUPED  BINARY  MICROSECOND  TIME  CODE  (PB3) 

The  PB3  time  code  format  is  shown  in  figure  BA.  The  time  code 
w o r q  is  made  up  of  four  subwords. 

Subword  one  contains  9  o  i  t  s  for  binary  DoY.  Tne  LSo  is  t  n  e  2  ®-! 
bit  and  the  MSB  is  the  2  ^  bit.  The  range  of  DoY  is  I  through  3o5 
(366  for  leap  year). 

Subword  two  contains  17  bits  for  binary  seconds-of -day.  Tne  ^Sb 
is  the  2  ^  bit  and  the  MSB  is  the  2^°  bit.  The  range  of  seconds-of- day 
is  0  through  do  399 . 

Subword  tnree  contains  10  bits  for  milliseconds-of-second 
(.001s).  The  LS8  is  the  2  ^  bit  and  the  MSB  is  the  2  ^  bit.  Tne  range 
of  milliseconds-of-second  is  0  tnrough  999. 

Subword  four  contains  10  bits  of  microseconos-of-milli second 
(.001  ms).  The  LSB  is  the  2  u  bit  and  the  MSB  is  tne  2  y  bit.  Tne  range 
of  microseconds-of- millisecond  is  0  through  999. 

Three  odd  parity  bits  ( P  ,  P2,  P  3  )  are  generated.  P  ^  is  gen¬ 
erated  from  the  9-bit  DoY,  17-bit  seconds-of-day,  10-bit  milliseconds- 
of-second,  and  the  10-bit  rnicroseconds-of-milli  second.  P  2  is  gen- 
erated  from  the  17-bit  seconds-of-aay  and  10-bit  milliseconds-of- 
second.  P^  is  generated  from  the  10-bit  mi lliseconds-of -second  and 
the  10-bit  microseconds-of-millisecond. 

Three  ID  bits  (u,  1,  1)  are  generated  for  code  identification. 

Figure  BB  shows  time  code  displays  for  times  ty  (DoY  1)  and  tn 
(DoY  365).  Also  snown  is  the  state  of  tne  parity  bits  tor  each  time 
displayed  and  the  ID  bits. 

Figure  9  shows  the  P  B  3  time  code  LSB  configuration  (logic  level; 
for  DoY,  seconds-of-day,  milliseconds-of-second  and  microseconds-of- 
millisecond  starting  at  time  tg  followed  by  1 1  ,  t2  ,  1 3  .  .  .  t  n  _  ■>  (DoY 
364)  and  tn  (DoY  365).  The  inn  10  it /read  0 i t  time  position  is  a  1  ;>  0 
s fiown  . 

4.5  PARALLEL  GROUPED  BINARY  NANOSECOND  TIME  CODE  (PB3-A) 

Tne  PB3-A  time  code  format  is  shown  in  figure  10 A.  Tne  time  code 

w 0 r u  is  made  uu  of  five  subworjs. 


Subword  one  contains  9  bits  for  oinary  D 0 y .  The  LSB  1  tne  Lu 

bit  and  the  MSB  is  tne  2^  bit.  Tne  range  of  DoY  is  1  tnrougn  jo  5  .no 

for  leap  year). 

Subwora  two  contains  17  bits  for  binary  sec  omj  s  -  0  f  -  <J  a  y  .  "  ne  : 

is  the  2  ^  bit  and  tne  MSB  is  the  2  ^  D  bit.  The  range  of  s e  c  0  n u  s  -  0  r  -  1  1  . 

is  U  through  d 6  399. 


Subword  ci.ree  contains  10  bits  for  mi  1  1  i  s  ec  ond  s  -  o  f  -  s  ec  on  d 
( . U  0 1 s ) .  The  LSB  is  tne  2  u  bit  and  the  MSB  is  the  2  ^  bit.  The  ran  ye 
of  mil liseconds-of -second  is  0  through  999. 

Subword  four  contains  10  bits  for  microseconds-of-millisecona 
(.001ms).  The  LSB  is  the  2  ^  bit  and  the  MSB  is  the  2  ^  bit.  The  range 

of  microseconus-of-millisecond  is  0  through  999. 

Subword  five  contains  10  bits  for  nanoseconds-of-microsecond 
( . 0 0 1  a s ) .  The  LSB  is  the  2  ^  bit  and  the  MSB  is  tne  2  ^  bit.  The  range 

of  nanoseconds-of-microsecond  is  0  t  it  rough  999. 

Four  odd  parity  bits  ( P  ,  P2,  P3,  and  P  4 )  are  generated.  Pi  is 
generated  from  the  9-bit  DoY ,  17-bit  sec ond s - 0 f - d ay  ,  10-oit  milli¬ 
second  s-of-second ,  10-bit  microseconds-of-mi 11 i second,  and  lu-bit 
nanoseconds-of-microsecond.  P2  is  generated  from  17-bit  seconds-of- 
day  and  lu-bit  mill  iseconds-of -second.  P  3  is  generated  from  lu-bit 
milliseconds-of-second  and  10-bit  microseconds-of -millisecond.  P4  is 
generated  from  10-bit  nanoseconus-of-microsecond. 

Three  ID  bits  (1,  1,  1)  are  generated  for  code  identification. 

Figure  luB  shows  time  code  displays  for  times  tg  (DoY  1)  and  tn 

(DoY  365).  The  state  of  the  parity  bits  and  ID  bits  are  also  shown. 

Figure  11  shows  the  PB3-A  time  code  LSB  configuration  (logic 
levels)  for  DoY,  seconds-of-day,  milliseconds-of-second  (  .  U  0 1 s  )  , 
microseconds-of- millisecond  (.001  ms),  and  nanoseconds-of-microsecond 
(.QOIms)  starting  at  time  tg  followed  by  t ^ ,  t2 ,  tg.-.tn.^  (DoY  364) 
and  tn  (DoY  365).  The  inhibit/read  bit  time  position  is  also  shown. 

4.6  PARALLEL  GROUPED  BINARY  M I L L I  SECOND /M  I  CROSECOND  TIME  CODE  (PB4  ) 

The  PB4  time  code  format  is  shown  in  figure  12A.  The  code  word 
is  composed  of  three  subwords. 

SuDword  one  contains  9  bits  for  binary  DoY.  The  LSB  is  the  2° 
oit  and  the  MSB  is  the  2rf  bit.  The  range  of  DoY  is  0  tti rough  3b  5  i  Boo 
for  leap  year). 

Subword  two  contains  27  bits  for  binary  mill  iseconds-of -day.  Tne 
LSB  is  the  2  ^  bit  and  the  MSB  is  the  2  ^  b  bit.  The  range  of  milli¬ 
second  s-o  f-day  is  0  through  do  399  999 

Subword  three  contains  10  bits  for  microseconds-of-millisecono 
(.UUlms).  The  LSB  is  tne  2U  bit  and  the  MSB  is  tne  2y  bit.  Tne  range 
of  microseconds-of -mi  1 1  1  second  is  U  tnrough  999. 

Two  odd  parity  oits  (  P  ^  and  P  ^  )  are  generated.  is  generated 

from  tne  9-bit  DoY  and  27-bit  mi lliseconds-o  f-day.  P2  1  s  generated 
from  the  27-oit  milliseconds-of-day  and  lu-bit  microseconds-of- 
millisecond. 


Four  ID  oits  ( U ,  1 ,  U ,  U )  are  generated  for  code  identification. 


Figure  12B  shows  time  code  displays  for  times  t 
(DoY  365).  Also  shown  is  the  state  of  the  parity  an 


( Do Y  1  )  and 
ID  bits. 


Figure  13  shows  the  PB4  time  code  LSB  configuration  (logic 
levels)  for  DoY,  milliseconds-of-day  and  microseconds-of-millisecona 
starting  at  time  tg  followed  by  ti  ,  t2,  1 3 . . . t  n  _  j  (DoY  3fa4 )  and  tn 
(OoY  365).  The  inhibit/read  bit  time  position  is  also  shown. 


position 


shown 


4.7  PARALLEL  GROUPED  BINARY  M I L L I SE COND /MI CROSECOND /N ANOSE CON D  TIME 
COPE  ( PB4-A ) 

The  PB4-A  time  code  format  is  shown  in  figure  14A.  The  time  code 
word  is  composed  of  four  subwords. 


Subwora  one  contains 
bit  and  the  MSB  is  the  2  ^ 
(36b  for  leap  year). 


y  bits  for  binary  DoY. 
bit.  The  range  of  DoY 


The  LSB  is  the  2 0 
is  1  through  3b5 


Subwora  two  contains  27  bits  for  binary  milliseconds-of-day. 
LSB  bit  is  the  2°  and  the  MSB  is  the  226  bit.  The  range  of  mill  i 
seconds-of-day  is  0  through  86  399  999. 


Subword  three  contains  10 
( .001ms )  The  LSB  i s  the  2°  bit 
of  microseconds-of-milli second 


bits  for  rnicroseconds-of-millisecond 


anu  the  MSB  is  the 
i  s  0  through  999  . 


bit.  Tne  range 


Subword  four  contains  10  bits  for  na n 0 sec ond s - 0 f - m i c r 0 s ec 0 nd 
(  .  00 1  jus )  .  The  LSB  is  the  2U  and  the  MSB  is  the  29  bit.  The  range  of 
nano seconds-of- microsecond  is  0  through  999. 


Three  odd  parity  bits  (PL,  P2,  P 3 )  are  generated.  PL  is  gen¬ 
erated  from  the  9-bit  DoY,  27-bit  milliseconds-of-day,  10-bit  micro- 
seconds-of- millisecond  and  10-bit  nanoseconds-of -microsecond.  P  2  is 
generated  from  27-bit  milliseconds-of-day  and  10-bit  mi c r 0  sec ond s -o f  - 
millisecond.  P3  is  generated  from  10-bit  mi cro second s -0 f -mi  11 i sec ona 
and  lo-bit  nanoseconds-of-microsecond. 

Four  ID  bits  (1,  1,  0,  0)  are  generated  for  code  identification. 

Figure  1 4  B  shows  the  time  code  displays  for  times  tg  (DoY  1)  and 
tn  (DoY  365).  Also  shown  is  the  state  of  the  parity  and  ID  bits. 

Figure  15  shows  the  PB4-A  time  code  LSB  configuration  (logic 
levels)  for  DoY,  milliseconds-of-day,  microseconds-of-millisecond  anc 
n a  no  sec  0 n a s - 0 f -m i c r 0 s ec 0 nd  starting  at  time  ti  followed  by  to,  to, 
t4...tn.i  (DoY  364)  and  tn  (OoY  365  ).  The  inhibit/read  bit  ‘time'' 
position  is  also  shown. 


bit /read  bit  t ■ 


4.8  PARALLEL  GROUPED  BINARY  TJD  NANOSECOND  TIME  CODE  ( PBS ) 

The  PB5  time  code  uses  Truncated  Julian  Day  (TJD)  rather  than 
Day-of-Year . 

The  PB5  time  code  format  is  shown  in  figure  loA.  The  time  code 
word  is  composed  of  five  subwords. 


Subword  one  contains  14  bits  for  binary  TJL).  The  LSB  is  the  2  ^ 
bit  and  the  MSB  is  the  2  “  bit.  The  range  of  TJD  is  from  an  epocn  of 
24  May  1968  repeated  every  10,000  days  or  27.379  years. 

Subword  two  contains  17  bits  for  binary  seconds-of  day.  The  LSB 
is  the  2  u  bit  and  the  MSB  is  the  2  ^  0  bit.  The  range  of  seconos-of-day 
is  0  through  86  399. 

Subword  three  contains  10  bits  for  binary  milliseconds-of-seconc 
(.001s).  The  range  of  milliseconds-of-second  is  from  0  through  999. 

Subword  four  contains  10  bits  for  binary  microseconds-of-milli- 
second  (.001ms).  The  range  of  microseconds-of-millisecond  is  0 
through  999  . 

Subworu  five  contains  10  bits  for  binary  nanoseconos-of-micro- 
second  (.DOlus).  The  range  of  nanoseconds-of- microsecond  is  0  tnrougn 
999. 

Four  odd  parity  bits  (Pi,  Po,  P  3 ,  P4)  are  generated.  P  g  is 
generated  from  the  14-bit  TJu,  17-bit  sec 0 nd s - 0 f -d ay ,  10-bit  mi  1 1 i - 
seconds-of-second,  10-bit  microseconds-of-millisecond,  and  lo-bit  nano 
sec ond s -0 f -mi cro second .  ?2  is  generated  from  17-bit  second s-o f -day 

and  10-bit  mill i seconds-of-second.  P  3  is  generated  from  10-bit  milli¬ 
second  s-of- second  and  lo-bit  microseconds-of-mi 11 i second.  P4  is  gen¬ 
erated  from  10-bit  nanoseconus-of-microsecond. 

Tnree  ID  bits  (1,  0,  1)  are  generated  for  code  identification. 

Figure  16B  shows  the  time  code  displays  for  times  t y  (TJD  0 4 3 1  ) 
and  tn  (TJD  6795).  Also  shown  is  the  state  of  the  parity  and  ID  bits. 

Figure  17  shows  the  PB5  time  code  LSB  configuration  (logic 
levels)  for  TJD,  seconds-of-day,  milliseconds-of-secono  (  . 0 0  1  s )  , 
microseconds-of-milli second  (.001ms),  and  nanoseconds-of-microsecono 
(.OUluS)  starting  at  time  tg  followed  by  tj_,  t2  ,  1 3  «  .  .  t  n ,  ^  ,  and 

tn....  The  lnnibit/'read  bit  time  position  is  also  shown. 

4.9  PARALLEL  BINARY  CODED  DECIMAL  MILLISECOND  TIME  CODE  (PBCD1 ) 

The  P8CD1  time  code  format  is  shown  in  figure  18A.  The  time  code 
word  is  composed  of  five  subwords.  Each  subword  is  made  up  of  BCD 
oits  following  standard  notation  of  (1,  2,  4,  a  )  .  .  .  (  1  n  ,  2  n  ,  4  n  ,  on, 
numbering  system  where  n  is  1,  ID,  100,  IK.... 

Subword  one  contains  1 u  BCD  bits  ror  DoY.  The  LSB  is  tne  BCD  bit 
1  and  tne  MSB  is  the  BCD  bit  200.  The  range  of  DoY  is  1  througn  3 1>  5 
3  0  0  for  leap  year;. 

SuDworo  two  contains  b  BCD  bits  for  hours -of -  la/.  The  i_^J  is  tne 
BCD  bit  1  and  the  MSB  is  tne  BCD  bit  20.  The  range  of  hours  - of -  day  is 
j  through  23. 


Subword  tnree  contains  7  BCD  oits  for  mi  n  u  te  s  -  o  f  -  ho  u  r .  T  tie  L  o  B 
is  the  BCD  bit  1  and  the  MSB  is  the  BCD  bit  40.  The  range  of  minutes 
of -hour  is  0  tnrougn  59. 

Si'bword  four  contains  7  BCD  oits  for  seconds-of-minute.  The  LScl 
is  the  BCD  bit  1  and  the  MSB  is  the  BCD  bit  40.  The  range  of  seconds 
of -minute  is  U  tnrough  59. 

Subword  five  contains  12  BCD  bits  for  milliseconds-of-second 
1.001s).  The  IS8  is  the  BCD  bit  1  and  the  MSB  is  the  BCD  bit  «  0  0  . 

Tne  range  of  inilliseconds-of-second  is  0  through  999. 

Four  odd  parity  bits  (Pi,  P  2  ,  P  3  ,  P  4  )  are  generated.  P]_  is 
generated  from  tne  1  u  -  b  i c  DoY,  o-bit  hours-of-d ay,  7-bit  mi  nutes-of- 
hour,  7-bit  seconds-of-minute,  and  12-bit  milliseconds-of  second.  p  - 
is  generated  from  o-bit  hours-of-day  and  7  - D 1 t  mi nutes-of -  huur.  ?  ,  j 
generated  from  7-bit  minutes-of-hour  and  7-bit  seconds-of  minute.  P  4 
is  generated  from  1 2  -  0 1 t  milliseconds-of-second. 

Three  ID  bits  (0,  0,  1)  are  generated  for  code  identification. 

Figure  18b  shows  the  time  code  displays  for  times  t ,j  (DoY  1]  ane 
tn  (DoY  365).  Also  shown  is  the  state  of  the  parity  and  ID  bits. 

Figure  19  shows  the  PBCD1  time  code  LSb  configuration  (logic 
levels)  for  DoY,  hou r s - 0 f -d ay ,  mi nu te s-o f- hour ,  seconds-of-minute,  an 
milliseconds-of-second  starting  at  time  tg  followed  by  t^,  t^ , 

1 3  -  -  - 1  n  ,  1  (DoY  364)  and  tn  (DoY  365).  The  inhibit/read  bit  time 
position  is  also  shown. 

4.10  PARALLEL  BINARY  COOEO  DECIMAL  MICROSECOND  TIME  CODE  (PBCD1-A) 

The  PBCD1-A  time  code  format  is  shown  in  figure  2UA.  The  time 
code  woru  is  composed  of  six  subworus.  Each  subword  is  made  up  or  jt 
bits  following  standard  notation  of  (1,  2,  4,  8 ) . « . I  1  n  ,  2  n  ,  An,  on' 
numbering  system  where  n  is  1,  ID,  1DU,  1<  .... 

Subword  one  contains  10  BCD  bits  for  DoY.  The  LSB  is  the  BCD  b i 
1  and  the  MSB  is  tne  BCD  bit  2U0.  The  range  of  DoY  is  1  tnrougn  000 
( 366  for  1 eap  year). 

Subword  two  contains  6  BCD  bits  for  hours-of-day.  The  LBS  is  t n 
BCD  bit  1  and  the  MSB  is  the  BCD  bit  20.  The  range  for  hours-of-day 
is  0  through  23. 

Subword  tnree  contains  7  BCD  bits  for  mi  nutes-of- n  our.  Tne 
is  the  BCD  bit  1  and  tne  MSB  is  the  BCD  Dit  aij.  Tne  range  of  minutes 
of -hour  is  0  tnrougn  59. 

Suowora  four  contains  7  BCD  bits  for  seconus-of- minute.  ’ 

1  s  tne  BCD  bit  1  and  the  MSB  is  the  BCD  01 t  4u.  The  range  of  see  undo 
0  f  -  tn  i  n  u  t  e  is  0  t  n  r  0  u  g  h  5  9. 


Subwora  five  contains  12  BCD  bits  for  mil liseconos-of  -second 
(•GUIs).  Trie  LSB  is  the  BCD  bit  1  and  the  MSB  is  the  BCD  oit  oUU. 

The  range  of  milliseconds-of-second  is  0  through  999. 

Subword  six  contains  12  BCD  bits  for  nncroseconds-of- millisecond 
1.001ms).  The  LSB  is  the  BCD  bit  1  and  the  MSB  is  tne  BCD  oit  BOc. 

The  range  of  microseconds-of -millisecond  is  0  througn  999. 

Four  odd  parity  bits  ( P  ^ ,  P2  ,  P3,  P  4 )  are  generated.  is 

generated  from  the  10-bit  DoY,  6-bit  hou r s  -  0 f -d ay ,  7-bit  minutes-of- 
hour,  7-bit  seconds-of-minute,  12-bit  milliseconds-of-second,  and  12- 
bit  microseconds-of-millisecond.  P2  is  generated  from  6-bit  nour-of - 
day,  7-bit  minutes-of-hour  and  7-bit  seconds-of-minute.  ?  -,  is  gen¬ 
erated  from  7-bit  mi nu tes-o f- hour  and  12-bit  milliseconds-of-second. 

P  4  is  generated  from  7-bit  seconds-of-minute  and  12-bit  microseconds* 
of-millisecond. 

Three  ID  bits  (0,  1,  1)  are  generated  for  code  identification. 

Figure  20B  shows  the  time  code  displays  for  times  t,g  (DoY  1) 
and  tn  (DoY  3o5).  Also  shown  is  the  state  of  parity  ana  I’D  bits. 

Figure  21  shows  PBCD1-A  time  code  LSB  configuration  (logic 
levels)  for  DoY,  nours-of-day,  minutes-of-hour,  seconds-of-minute, 
milliseconds-of-second,  and  microseconds-of-millisecond  starting  at 
time  tg  followed  by  ti,  t2  ,  t3...tn.1  (DoY  364)  and  tn  (DoY  36b). 

The  inni bit/read  bit  time  position  is  also  shown. 

4.11  PARALLEL  BINARY  CODED  DECIMAL  NANOSECOND  TIME  CODE  (PBCD1-6) 

The  PBCD1-B  time  code  format  is  shown  in  figure  22A.  The  time 
code  word  is  composed  of  seven  subwords.  Each  subword  is  made  up  of 
BCD  bits  following  standard  notation  of  (1,  2,  4,  8). ..(In,  2,  4,  Bn) 
numbering  system  wnere  n  is  1,  10,  10U,  IK.... 

Subword  one  contains  1 U  BCD  bits  for  DoY.  Tiie  LSB  is  the  BCD  bit 
1  and  the  MSB  is  the  BCD  bit  value  20u .  The  range  of  DoY  is  through 
365  ( 3  6 0  for  leap  year). 

Subworu  two  contains  6  BCD  bits  for  heur s -0 f -day .  The  LSB  is  tne 

BCD  oit  1  and  the  MSB  is  the  BCD  oit  2'J.  The  range  for  ho  u  r  s  -  0  r  -  d  a  .• 

is  il  tnrough  23. 

Subwora  three  contains  7  BCD  bits  tor  minutes-of-nour.  'ie 
is  the  BCD  bit  1  and  the  MSB  is  the  BCD  oit  4u .  7  lie  r^nge  at  minutes- 

of-hour  is  0  tnrough  59. 

S  u  0  w  0  r  d  f  0  u  r  contains  7  BCD  bits  for  s  e  c  o  n  a  s  -  0  r  - 1111  n  u  t  e  .  '  n  e 

is  the  BCD  bit  1  and  the  MSB  is  the  BCD  bit  4o.  'he  range  of  >•-  .  n  :  ,  . 
of-minute  is  u  througn  59. 

Subword  five  contains  12  BCD  bits  for  ;.i  1  1  1  1  second  s  •  0  r  -  s.-co”-: 

(  .  UO 1  s  )  .  The  LSB  is  the  BCD  bit  1  and  tne  MSB  is  tne  bud  .>  1  t  ■■■  i, ..  . 

The  range  of  mil  li  second  s-ot-second  is  o  t  n  r  0  u  g  n  >  '>  <  . 


Subword  six  contains  12  BCD  bits  for  microseconds-of-millisecona 
(.001ms).  The  LSB  is  the  BCD  bit  1  and  the  MSB  is  the  BCD  bit  dUU. 
The  range  of  microseconds-of-millisecond  is  U  through  999. 

Subword  seven  contains  12  BCD  bits  for  nanoseconds-of- 
microsecond  (.U01us).  The  iSb  is  the  BCD  bit  1  and  the  MSB  is  tne 
BCD  bit  600.  The  range  of  nanoseconds-of-microsecond  is  0  through 

999  . 

Four  odd  parity  bits  (Pi,  P^,  P3,  P  4 )  are  generated.  P ,  is 
generated  from  the  10-bit  Oo Y  ,  6  -  b i t  hour-of-day,  7-bit  minutes-of- 
hour,  7-bit  seconds-of-minute,  1 2  -  b  i  t  milliseconds-of-seconu,  1 2  -  b  i  t 
microseconds-of-millisecond,  and  12-bit  nanoseconds-of-millisecona. 

is  generated  from  6-bit  hour s -0 f-day  ,  7. bit  mi nutes-of- hour  ana  7- 
bit  seconds-of-minute.  P3  is  generated  from  7. pit  m i n u te s  -  0 f  -  ho u r  . 
12-bit  milliseconos-of-second,  and  12-bit  microseconds-of-millisecona 
P4  is  generated  from  7-bit  seconds-of-minute,  12-bit  m 1 1 1 i sec ond s  -  0 f  - 
second  and  12-bit  na no  sec ond s - 0 f -m i c ro sec ond  . 

Three  ID  bits  (1,  0,  1'  are  generated  for  code  identification. 

Figure  22 B  shows  the  time  code  displays  for  times  tn  v0of  1;  ana 
tn  (DoY  365).  Also  shown  is  the  state  of  the  parity  and  ID  bits. 

Figure  23  shows  the  PBCD1-B  time  code  LSB  configuration  (logic 
levels)  for  DoY,  hou r s  -  0 f -d ay  ,  m i n u te s - 0 f - hou r ,  seconds-of-minute , 
milliseconds-of-second,  microseconds-of-millisecond,  and  nanosecond  s- 
of-microsecond  starting  at  time  tn  followed  by  ti,  t?m  .  1 3  .  .  .  t  n  _  3 
(DoY  364)  and  tn  (DoY  365).  The  inhibit/read  bit  time  position  is 
al so  shown . 
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LEAP  YEAR/LEAP  SECOND  CONVENTION 


LEAP  YEAR: 


The  length  of  a  year  is  not  an  even  multiple  of  days.  The  year 
is  about  365.25  days.  Thus,  every  four  years  there  is  an  extra  day, 

29  February,  provided  tne  year  is  divisible  oy  4.  If  the  year  is 
divisible  by  100,  it  is  not  a  leap  year.  Years  divisible  by  400  are 
leap  years.  Consequently,  the  years  1983,  1992,  1996,  and  2000  are 
1  eap  years.  The  year  2100  will  not  be  a  leap  year  because  it  is  not 
divisible  by  400.  With  the  addition  of  leap  years,  the  calendar  stays 
in  step  with  the  seasons. 


ACCUMULATED  LEAP  SECOND  ; 

Since  1  January  1972,  the  relationship  between  International 
Atomic  Time  (TAI)  and  Time  Universal  Coordinated  (UTC)  has  been  given 
Dy  a  simple  accumulation  of  leap  seconds  occurring  approx ima te 1 y  once 
per  year. 

At  any  instant  (i),  T,  =  TAI  time 

U -j  =  UTC  time  expressed  in  seconds 
Ti  =  Ui  +  M, 

where  ( L ^ )  is  the  accumulated  leap  second  additions  between  tne 
epoch  and  the  instant  (i).  The  following  table  contains  a  refer¬ 
ence  list  of  the  accumulated  leap  second  additions  (Li)  between 
1972.0  and  1986.0: 


R.  "  , 

P  V " 

Time 

Period 

Li 

19  7  2 

Jan 

1 

1972 

J  u  1 

1 

10  .uuo 

ouu 

u 

S 

1972 

J  u  1 

1 

1973 

Jan 

1 

11.000 

oou 

0 

s 

1973 

Jan 

i 

L 

1974 

Jan 

1 

12 .0U0 

ouu 

u 

s 

9  *  « 

<1  * 

1974 

Jan 

1 

1975 

Jan 

1 

13.000 

000 

0 

s 

• 

v;r 

1975 

Jan 

1 

1976 

Jan 

1 

14  .000 

UOU 

u 

s 

1976 

Jan 

1 

19  77 

Jan 

1 

15.000 

000 

0 

s 

V‘-' 

1977 

Jan 

1 

1978 

Jan 

1 

lo  .  UOU 

uuo 

u 

s 

1978 

Jan 

1 

1979 

Jan 

1 

1 7 .UUO 

000 

0 

s 

i  j*  . 

a  , 

1979 

Jan 

1 

1980 

Jan 

1 

18 .000 

UOU 

u 

s 

1980 

Jan 

1 

1981 

J  u  1 

1 

19 .000 

000 

0 

c 

J 

W'  ! 

W 

1981 

J  u  1 

1 

1982 

J  u  1 

1 

2  U  .  0  0  U 

ouu 

u 

s 

i  v 

rj*  / 

1982 

J  u  1 

1 

1983 

J  u  1 

1 

2 1 .000 

uuo 

u 

s 

t# 

1983 

J  u  1 

1 

1985 

J  u  1 

1 

22  .  UUO 

ouu 

u 

s 

1985 

J  u  1 

1 

1  986 

Jan 

1 

23  .UUO 

ouu 

u 

-> 

«• 

r 

v y*. 

1986 

NOTE  : 

J  an  1 

Time  changes 

are 

made  on 

31  December  and  30  June 

a  t 

2  4  U  U  11 

As  of 

the 

date  of  publication, 

there  has  not  been  a  1 

eap 

S  e  c  u  n  a 

u 

si  nee 

30 

June  1985. 

A  -  2 

JULIAN  CALENDAR  I'D  T.JD  CON\ 


DATE 

TJD 

TJD 

DATE 

H 

Mo 

Day 

Yr 

Mo 

Da  v 

68 

05 

24 

0 

0 

68 

05 

24 

200 

68 

1  2 

1  0 

69 

01 

0  1 

222 

600 

70 

0  1 

1  4 

:o 

01 

01 

587 

800 

70 

08 

02 

:  i 

01 

01 

952 

1200 

7  1 

09 

06 

7  2 

01 

01 

1317 

1400 

72 

03 

24 

73 

01 

0  1 

1683 

1800 

73 

04 

28 

74 

01 

01 

2048 

2000 

73 

1  1 

1  4 

7  5 

01 

01 

24  1  3 

2400 

74 

1  2 

1  9 

76 

01 

0  1 

2778 

2600 

75 

07 

07 

77 

01 

01 

3144 

3000 

7  6 

08 

10 

78 

01 

01 

3509 

3200 

77 

02 

26 

79 

01 

01 

3874 

3600 

78 

04 

02 

80 

01 

01 

42  39 

3800 

78 

10 

19 

8  1 

01 

01 

4605 

4200 

79 

1  1 

23 

82 

01 

01 

4970 

4400 

80 

06 

1  0 

83 

0  1 

0  1 

5335 

4800 

31 

0  7 

i  ^  ! 

84 

0  I 

0  I 

5  700 

5000 

32 

0  1 

31 

85 

01 
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6066 

5400 

33 

03 

07 

86 

0  1 

0  1 

64  3  1 

5600 

83 

09 

23 

87 
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01 

67  96 

6000 

84 

1  0 

•1  « 

88 

0  1 

01 

7161 

5  2  00 

35 

05 

1  5 

89 

0  1 

0  1 

7  5  2  7 

6600 

36 

06 

1  9 

90 

0  1 

01 

78  92 

8800 

87 

0  1 

0  5 

•n 

01 

0  1 

8  257 

7200 

88 

0  2 

09 

9  2 

0  1 

0  1 

86  22 

7  400 

88 

0  8 

93 

0  1 

0  I 

8  988 

7  800 

8  y 

1  0 

0  1 

94 

0  1 

0  1 

9  35  3 

8000 

90 

C  4 

1  9 

95 

0  l 

0  1 

97  1  8 

8400 

9  1 

U  6 

0  2 

95 

1  0 

1  0 

0 

86  0  0 

9  1 

i : 

1  0 

9000 

93 

0  1 

1  3 

9200 

93 

08 

0  1 

L 

9600 

_ 11 

09 

05 
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TABLE  I  I.  BINARY  COUNT  (2  ) 


Decimal  Number 

n 

0 

1 

2 

3 

4 

5 

6 

n 

I 

8 

9 

10 
1  1 
12 
13 
1  4 
1  5 
16 
1  7 
18 

19 

20 
21 
22 

23 

24 

25 


Binary  Number 
2  n 

1 

2 

4 

8 

1  6 
32 
64 
128 
256 
5  1  2 
1024 
2048 
4096 
8192 
1  6384 
3  27  68 
65  536 

1  31072 

2  62144 
5  24288 

10  48576 
20  97152 
41  94304 
83  88608 
167  77216 
335  54432 


Decimal  Number  Binary  Number 


n 

2  n 

26 

67  1 

08864 

27 

1342 

1  7  7  2  8 

28 

268  4 

3  5  4  5  6 

29 

5368 

7  0  9  1  2 

30 

1  07  37 

418  2  5 

31 

21474 

8  3  6  48 

32 

42949 

6  7  2  96 

33 

85899 

345  9  2 

34 

1 

71798 

69  184 

35 

3 

435  97 

3  8  3  6  8 

36 

6 

87  194 

767  36 

37 

1  3 

7  4389 

5  34  7  2 

38 

27 

487  7  9 

06  944 

39 

54 

97558 

1  3  8  8  8 

40 

109 

95116 

2  7  7  7  6 

41 

219 

9023  2 

5  5  5  5  2 

42 

439 

80465 

11104 

43 

879 

60930 

2  2  2  08 

44 

1759 

21860 

444  1  6 

45 

35  18 

437  20 

8  8  8  3  2 

46 

7  0  36 

87  44  1 

7  7  6  6  4 

47 

1  4073 

7488  3 

5  5  3  28 

48 

28147 

49767 

1  06  56 

49 

56  2  94 

99534 

2  13  12 

50 

112589 

99068 

4  26  2  4 

EXAMPLE: 

86,400  s/d 


2 16  212  28  24  o0 

•C*C«CCC«#CCCCaX)  (  17  binary  bits  ) 


TABLE  III.  BCD  COUNT 
( 8n  4n  2n  In) 


Decimal  Number  n  BCD  Bits 


1 

1 

1 

5 

1 

3 

10 

10 

5 

15 

10 

5 

150 

100 

9 

•  1 

500 

IK 

1  3 

1  5 

000 

1  OK 

1  7 

150 

000 

1  00K 

21 

1 

500 

000 

1M 

25 

1  5 

000 

000 

10M 

29 

150 

000 

000 

1  0  0M 

33 

1 

500 

000 

000 

IB 

37 

1  5 

000 

000 

000 

10B 

4  1 

150 

000 

000 

000 

100B 

45 

1 

500 

000 

000 

000 

IT 

49 

1  5 

000 

000 

000 

000 

10T 

5  3 

150 

000 

000 

000 

000 

1  00T 

57 

WHERE 

K  = 

thousand, 

M  =  million, 

B  =  billion 

8  1  3  1 

EXAMPLE:  008  10031 

K  KK  K  0  0  0  0  8321 

86,400  s/d  -  •COO  cmo  090D  OOOO  OOCO  (  20  BCD  BITS  ) 


TABLE 


IV.  MUM BERING 


SYSTEM  EQUIVALENTS 


Quant i t  y 


Decimal  Digit 


Pa  r a  1  lei 
Binary  Bits 


Parallel  Binary 
Coded  Decimal  Bits 


TABLE  V.  PARALLEL  TIME  CUBE  IDENTIFICATION  (ID)  BITS 


TIME  CODE 

NUMBER  OF 

ID  BITS 

ID  BIT 
“WEIGHTING1 

» 

ID  BIT 

CONFIGURATION 

PB1 

3 

B, 

A, 

2° 

0 

0 

• 

(0,0,1) 

PB1-A 

3 

B, 

A, 

2° 

0 

• 

• 

10,1,1) 

PB1-B 

3 

B, 

A, 

2° 

• 

0 

• 

(1,0,1) 

P  B  3 

3 

A, 

2l 

,  2° 

0 

• 

• 

(0,1,1) 

PB3-A 

3 

A, 

21 

,  2° 

• 

1 

• 

(1,1,1) 

PB4 

4 

A, 

22 

,  2  1  , 

2° 

u  • 

0 

u 

1  o  ,  1  ,  0  ,  0 

PB4-A 

4 

A, 

22 

2  1 

>  A-  > 

2° 

•  • 

0 

0 

(  1 , 1  ,0  ,u 

P  B  5 

3 

22 

,  2 

!,  2° 

• 

u 

• 

(1,0,1) 

PBCD1 

3 

B, 

A, 

2° 

0 

0 

1 

(0,0,1) 

PBCD1-A 

3 

B, 

A, 

2° 

U 

• 

1 

(0,1,1) 

PBCD1-B 

3 

B, 

A, 

2° 

• 

0 

• 

(1,0,1) 

PBCD1-B 


3 


TABLE  VI.  EXAMPLES  OF  PARITY  BIT  DETERMINATION 


TIME  CODE 

P  8 1 


PBCD1 


PARITY 

BITS 


TIME  CODE 
SUBWORDS 


1 

2 

2 

1 

2 

_Z_ 

1 

2 

SUBWORD  ERROR 
INDICAI ION 

Pr1 

p1.p2-e 

pri 
P1+P2=2 
prp3  =  4 

P  1  =1 
P  1 +  P  2  ~  ^ 

P  2  =  3 

P^l 

p 1 +p  2  =  2 
P1+P2+P3=3 
P  i  +  P  3  =  4 

P^Pr5 


NOTE:  In  the  column  labeled  "SUBWURD  ERROR  INDICATION,"  suoworjs  art 

given  in  which  errors  are  implied  by  tne  allowable  combinations  or 
parity  bit  error-indications.  These  examples  are  only  valid  for 
single-error  conditions. 
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